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A CubeSat is a small satellite composed of one or more 10cm x 10cm x ~10cm cubes.
Sometimes referred to as a “U” as in unit, the cubes can be combined in configurations of 2U,
3U, 6U, and more. CubeSats provide many advantages that larger satellites cannot offer. They
are relatively inexpensive and can be fabricated much faster. Small-scale projects that require a
fast timeline from conception up to completion are perfect for CubeSats. Furthermore,
educational programs use CubeSat projects to teach and prepare students for the satellite
industry. Popular configurations for CubeSat are 1U, 3U and 6U where the 6U configuration is
10x20x30cm. These configurations are standardized and have been used for a majority of
CubeSat projects. There is much support for the implementation of these configurations as well
as resources to help with the design of the satellite. However, in some cases a non-standard
configuration must be used. The configuration of a 1x6U cube satellite structure is uncommon,
and there are little to no resources available to aid with its design. The goal of this thesis is to
design and document a 1x6U CubeSat structure that can be used as a standard for any future
cube satellite mission looking to build in the 1 x 6U configuration.
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Introduction
A CubeSat refers to a form factor of satellite. A 10cm x 10cm x11.35cm unit makes up a
cube or is also referred to as a U. One cube or 1U is large enough to be considered a CubeSat. For
larger sized CubeSats, a 1U can be stacked with another U to form a 2U CubeSat. This stacking
process can continue like building blocks to form a 6U CubeSat. 6U CubeSats can be arranged
into two different configurations. Either a 1x6U or a 2x3U CubeSat can be formed.
CubeSats are a useful alternative to larger satellites for several reasons. First and
foremost, CubeSats are fast to be developed from mission conception to fabrication and launch.
They tend to be less expensive than their larger satellite counterparts. This makes them more
available to smaller companies and even universities who want to develop and utilize satellites.
Launching CubeSats has been easier than ever with the help of rideshare. When a launch vehicle
company sends a large payload into space, there is usually extra room for small satellites to
launch along with it. This efficient use of sending things into space is called rideshare, and it
makes for an affordable opportunity for CubeSats to be sent into space.
The 1x6U is uncommon when compared to its alternative the 2x3U. Upgrading a 1x3U to
a 2x3U CubeSat tends to be a more reasonable option if extra volume is the only objective. But,
sometimes using a 1x6U is more useful. Sometimes components onboard the CubeSat are
oversized in length or require separation from the other components. When using a 1x6U
configuration, accommodation for oversized components is made easy and there is plenty of
room for separation between components if necessary.
This thesis will cover the design of a 1x6U CubeSat structure. It will be in the form of a 3D
solid model, built using parts and assemblies in SolidWorks 2020. The design will consider
machinability, structural integrity, thermal management, and mechanical compatibility with
standard commercial off-the-shelf (COTS) components. For non-standard components, the
design will allow for the implementation of custom brackets and structure modifications. A few
open-source CAD models of COTS components have been included in the assembly itself. The
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structure will conform to standard launch vehicle requirements and simulation analysis will be
conducted to assure this. The software used for simulation will also be SolidWorks. It is expected
that modification will be needed on a mission-to-mission basis. Design criteria is discussed in
detail as well as the actual design of each individual part. An assembly procedure has also been
included to show how the basic structure can be assembled. The entire SolidWorks assembly is
downloadable. More information can be found in the appendix.

Referencing the CubeSat
Throughout the document the CubeSat will be referencing particular faces as either: +X,X,+Y,-Y,+Z,-Z. Figure 1 shows the direction of the axis, where the face that corresponds to the axis
is perpendicular to the direction of the arrow. As an example, the +X is the face coming out of
the page and the -X is the face going into the page. All positive and negative faces of each axis
are mostly symmetric and are sometimes referred to as simply the X face instead of +X or -X.
Furthermore, the X and Z faces are mostly symmetrical and are referred to interchangeably in
some sections. The Y faces are the ends of the slender structure, so they are distinctly different
from the X and Z faces.

-Y
+Z

+Y
-X

-Z

+X
Figure 1: Coordinate System for Identifying CubeSat Faces

3

Literature Review
There is no available public documentation for a 1x6U CubeSat design. More common
configurations like the 1U, 2U and 3U will have several design papers available, such as
References [2],[5],[6] and [8], but there are none for the 1x6U. There are only a few 1x6U
CubeSats to have even been launched. The database nanosats.eu indicates that the Altair 1 from
Millennium Space Systems has launched and two more 1x6U CubeSats are currently being
designed for future launch: COSMO from University of Colorado Bolder and SNoOPI from Purdue
University. TechEdSat 8 from San Jose State University and NASA Ames Research Center also
recently launched as another 1x6U.
There are however plenty of resources regarding testing of CubeSats and subsystem
integration such as [4] and [7]. In the area of structure design, the lack of missions and
documentation surrounding the 1x6U configuration points to one reason why the 1x6U is not a
more used CubeSat configuration. The aim of this thesis is to expand the pool of documentation
surrounding 1x6U design and encourage more to use this configuration.

Design Criteria
Machinability
Machinability is a driving design criterion for the structure. CubeSats are small satellites with
a very compact arrangement of hardware. The structure, and brackets surrounding the hardware
must also be small and compact. This leads to difficult to machine parts with tight tolerancing.
For companies with large manufacturing budgets, this is a non-issue with the aid of expensive
machinery specifically configured for the task. But for small teams and universities, specialized
machinery is often unavailable. The structure for this thesis is designed to eliminate complex
machining so that universities are able fabricate the structure in-house. This is beneficial for
several reasons
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1. Saves the satellite team money towards machining and shipping costs.
2. Allows for faster part procurement of both the first version of the structure and any
replacement parts needed later. No need to rely on vendor lead times.
3. In-house machining can be educational for satellite team members.
However, the elimination of complex machining will come as a tradeoff. The structure for this
thesis will be less optimized. Complex machining allows for elimination of unnecessary mass and
overengineered strength in the structure. Mass and internal volume can be driving constraints
for many satellite missions. If this becomes an issue with this structure, it is encouraged to modify
the structure accordingly. An open-source CAD model of the entire structure is available in the
Appendix.
With all this in mind, two minimum feature sizes have been set as constraints for
machinability.
1. No part has less than a 2mm inner radius.
2. Structural tapped holes and corresponding screws are no less than a M3 size.
These feature sizes are based on values that can be achieved by a typical university machine shop.
Along with these feature constraints, the number of machining operations have been kept to a
minimum and tooling has been a consideration while designing.

Assembly
Assembly is an important design criterion due to the compact nature of CubeSats. There
are ports, connector heads, and screws in many locations on the satellite. It is important that
sufficient space is available for interacting with the satellite both when it is fully built and
throughout assembly. Therefore, assembly was considered during the design of every part. A
section called assembly procedure can be found in the table of contents that details a
walkthrough assembly of the basic structure.
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Dimensions & Tolerancing
It is also important to consider the overall dimensions of the assembly and how the parts
stack up to produce an overall length that is within the designed tolerance. There are many
dimensional requirements, just about all of them relate to the how the CubeSat will fit inside of
a deployer. A deployer is a spring-loaded box that houses the CubeSat during launch and ejects
the CubeSat at the correct orbit. Figure 2 has been included to show what a standard Deployer
looks like. Deployers come in several shapes to accommodate all CubeSat configurations, but
NanoRacks is currently the only company that has a deployer option for the 1x6U configuration.
Therefore, the Interface Design Document (IDD) from NanoRacks is being used as the driver for
dimensioning the outside of the satellite. This document will be referenced throughout later
sections and is included in the references. All the requirements can be found in the NanoRacks
IDD [12].

CubeSat

Deployer

Figure 2: ISISpace Deployer with model CubeSat
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Standardized & Custom Mounting
The structure is designed for mounting of all the subsystem’s standard CubeSat COTS
components. The major subsystems are: Structures, Power, Communications, Command & Data
Handling, Thermal Management and Payload. The Power, Communications and Command &
Data Handling subsystems make up the core of the satellite’s operation. Printed circuit boards,
solar panels and batteries are commonly seen components for these subsystems. The thermal
management subsystem relates to the survival of the satellite from extreme hot and cold
temperatures. Components for this subsystem include thermal couples, thermal straps, and
other temperature monitoring/mitigating components. The payload subsystem is the broadest
because it refers to the mission of the satellite. Since every satellite has a different mission, the
payload hardware varies from satellite to satellite. Each subsystem has its own hardware to
consider, but many of these subsystems utilized the same form factor to ease integration. The
most common form factor for CubeSat components is the PC-104 Plus and can be seen in figure
3. This printed circuit board has standard outer dimensions and hole mounting locations. It is
expected to have multiple stacks of these boards, therefore, it is critical as a design criterion to
allow for the mounting of these boards throughout the satellite with as much configuration
freedom as possible.

Figure 3:Basic PC/104 Plus board from ADL Embedded Solutions
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There are other standard components to consider other than the PC-104 Plus. Antennas are
typically designed for mounted on the Y face of the CubeSat. They have similar mounting hole
locations with a total of either 4 or 8 holes. Figure 4 shows an antenna from NanoAvionics with
4 mounting holes.

Figure 4: NanoAvionics Antenna

The structure has been designed to accommodate the standard COTS antenna mounting with
the caveat that the mounting hole locations will change depending on the hardware chosen. Hole
locations for COTS antennas are dissimilar to PC-104 Plus boards and can vary by several
millimeters from one antenna to another. Solar panels are the third COTS components that must
be considered for standard mounting. The structure is designed for the mounting of solar panels
on all the faces. Mounting for these components will vary due to the following reasons:
1. Panels can come in 1U, 2U and 3U configurations.
2. The option for the inclusion of sensors such as sun sensors will vary the panels layout.
3. Some internal subsystem components may require direct space exposure, taking away
surface area for solar panel coverage. This will lead to custom solar panels that have
different mounting hole locations.
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The best way to factor all these possible changes for mounting is by leaving room to alter the
solar panel mounting hole locations. It will be up to the satellite team to choose the best
configuration for their satellite and make changes to the structure accordingly.
Custom hardware mounting is just as important as standard hardware mounting. Most
CubeSats will have specialty hardware specific to the mission. A limitless variety of mounting
configurations are possible with custom hardware; therefore, the structure must be able to
accommodate these possibilities. As a design criterion, custom brackets are designed so that
mounting of said brackets can attach to any of the satellite faces. The rest of the bracket will be
left blank for the satellite team to alter accordingly for their custom hardware.

Design
Design Overview

End Cap

Rail

Figure 5: Fundamental Assembly

Bulkhead

The fundamental design of the CubeSat is simple, and uniform as seen in Figure 5. This is
meant to serve as a base for a design team to then add elements. The fundamental structure
consists of the bare minimum that the assembly needs to perform as designed. Using anything
less than the parts seen in this assembly is not recommended. The bare minimum mass of this
assembly is ~1640g assuming all parts are made from Aluminum 6061 and fasteners are included.
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Four pieces of angle stock are used to make up the corners while bulkheads are used down the
length of the satellite to hold the angle stock in place. Two caps are used at either end of the
angle stock pieces help hold everything together. Every part has multiple purposes: mounting,
heat transfer, strength to multiple types of loading and tolerancing.
A variety of supplemental parts have been designed and can be added to this base model.
An example of what the CubeSat would look like with a combination of these supplemental parts
can be seen in Figure 6. This assembly includes modeled PCB stacks, thermal strap, mounting
brackets and more. The purpose of this assembly is to visually show all the choices designed into
the standardized 1x6U structure. Subsystem components from multiple CubeSat hardware
companies have been tested and currently exist in the assembly. Open-source CAD models have
been implemented from NanoAvionics [16], GOMSpace [17] and ISISPACE [18]. These CAD
models can be seen in the 1x6U Assembly under the folders: Example Antennas, ISISpace Solar
Panels and Deployment Switch Option 2. An open-source CAD model was also in the folder
Deployment Switch Option 1, the part is called GN-PT5M3B. This is a plunger type switch from
Automation Direct [19] that will be expanded on in the End Cap section, a few pages from now.
These COTS components can be easily found by searching the name of the SolidWorks part or by
using the link provided in the references.
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Most of the designed parts can fit anywhere on the satellite so that any satellite mission
has the option to customize the structure to their needs. Note that the position of the internal
components in the 1x6U Structure Assembly are arbitrary and are positioned only for visual
purposes.
Custom Brackets

Thermal Straps

PCB Stack
Solar Panel
Figure 6: 1x6U Structure Assembly with internal brackets and example hardware

Making Changes to Parts
Alterations to parts may be necessary to meet unique mission requirements. COTS
hardware mounting hole locations are the most likely alterations that a team may need to make.
Other alterations might be deployment switch location or making cutouts for port accessibility.
The SolidWorks Models are designed to be easily navigated and altered by anyone with moderate
SolidWorks knowledge. In addition, a step-by-step guide will be included for expected common
alterations. These guides are part specific and therefore can be found within the part’s section.

Warning: Alterations to parts will require a rerun of structural analysis. It is advised to rerun
analysis of the structure even if no alterations were made to ensure no unintentional changes
were made to the structure model during download or handling within SolidWorks.
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Part Table
Part

Part Image (Click on Image to quickly go that section)

Bulkhead A

Bulkhead B

Bulkhead C

Bulkhead D
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Rail 1

Rail 2

Rail 3

Rail 4
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End Cap A

End Cap B

Thermal Strap A

Thermal Strap B-1
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Thermal Strap A

Custom Bracket B-1

Custom Bracket B

Sheet 1U

Sheet 2U

Sheet 3U

Table 1: Part Table
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Individual Part Configuration & Design
Bulkheads
Four bulkhead designs have been created to use
throughout the structure. As the name bulkhead
suggests, this part is meant to separate the structure into
sections where each section is 1U, totaling 6Us in the
linear 1x6U configuration. The bulkheads have an equally
important role in adding structural integriety to the
CubeSat. The first design is the Bulkhead A seen in Figure
7 and is the minimum requrement for structural support.
Bulkhead A is used as the basic structural support to hold
the rails in place and create volume inside the satellite.
Bulkhead B and Bulkhead C seen in Figure 8 are
identically mirrored and must be used together. The only

Figure 7: Bulkhead A

feature that is not mirrored from B to C is the PC 104 Plus mounting hole location. Their focus is
to allow for the inclusing of a PC104 Plus Stack within the U that is surrounded by the two
bulkheads. Each stack can allow for an approximate maximum of 4 PCBs depending on the
clearaence needed inbetween each board. The spacing of these boards can be increased or
decreased by changing out the standard M3 standoffs with ones of desired length. Figure 8
shows the assembly of PCBs with standoffs seperating each board. A standoff is a simple
aluminum extrusion with either female or male threaded ends. In this case, one end is female
and the other is male. Standoffs are then threaded into each other with PCBs sandwiched
between them. The standoffs that then connect the PCB stack to the brackets have two female
threading ends.
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Bulkhead C

Bulkhead B

Figure 8: Bulkheads B & C and PCB Assembly

The fourth and final bulkhead is Bulkhead D shown in Figure 9 and similarly to Bulkhead
B and C, it relates to the inclusion of a PCB104 Plus Stack. With the inclusion of Bulkhead D, the
PBC stack can be linearly arrayed as it serves as a junction bulkhead in between stacks. Using
this design, PCB stacks can be arranged in any combination of Us within the 1x6U configuration,
totaling a maximum of 6 stacks. The structure has been designed to require a bulkhead
mounted every 113.5mm which is the length of one U. A typical 1U volume is not actually a
perfect cube of 100mm x 100mm x 100mm. Rather, there is a long side making the dimensions
of the U, 100mm x 100mm x 113.5mm. The extra length in the one direction is used for
component clearance inside the structure. Along the rails, holes have been included at the
locations separating each U for bulkhead mounting. Holes have also been included at the half
distance mark of 113.5mm in case some hardware requires the offset of these bulkheads.
If special hardware requires the removal of a bulkhead and the customized design does
not include a bulkhead at least every 113.5mm, it is important to evaluate the structural need
created by the absence of that bulkhead. Rerunning structural analysis simulations would also
be beneficial to ensure the satellite’s structural integrity.
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Bulkhead D

Bulkhead C

Figure 9: Bulkhead D and Assembly with Bulkheads B & C

Bulkhead B

Rails

Figure 10: Front and back view of rail

The rails seen in Figure 10 are the structural piece that will guide the satellite into and out
of the deployer. The rails are also designed for mounted to by brackets, thermal straps, and solar
panels. The long ~700mm piece of aluminum is intended for holding the tight coplanar
requirement specified by NanoRacks. The exterior of the satellite rails must be coplanar within
+-0.1mm and the outer corners of the rail dimensions must be 100 +-0.1mm from each other.
This is a difficult requirement for a structure almost three quarters of a meter in length.
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A single long piece of aluminum is used for each rail to minimize the machining
requirements. In the cross-section along the y-axis, bulkheads are the only parts between the
rails as shown in Figure 11. This design consideration addresses the 100 +-0.1mm requirement:
the fewer the parts between the limiting dimensions, the easier it is to make those parts stack
up and equal a desired length within the tolerance. One part between each rail is the minimum
number of parts and therefore is optimal for the rail separation requirement. It is possible to
make the rails and the bulkhead all one piece, but this would introduce machining challenges.

100 +- 0.1mm

100 +- 0.1mm

Figure 11: Structure built with only rails and bulkheads

Each rail has an arrayed pattern of holes used for mounting end caps, bulkheads and
solar panels. Space for mounting additional hardware directly to the rails has been included.
Anywhere on the rail is acceptable for adding mounting holes except for the black regeon. This
space is designated for deployer contact and as a requirement should not have any fasteners
gaps or holes on it with the exception for rail mounted switches. More details on this can be
seen in the NanoRacks IDD [12]. The rail has been designed with a thickness of 3mm which is
the thickest option availible to aid structurally and allow for threading into while still not
impeding on the desired interior volume of the satelliite. It is recommended to start with a
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piece of aluminum angle stock with thickness of a quarter inch. The extra material is helpful for
maching down to the desired flatness of +-0.1mm.
Making Changes to Part: Patterned Hole Locations:
The rail design tree can be seen in
Figure 13. There are two folders that will
be used for altering the holes or patterns
on the rails. The first folder is for
bulkhead holes and the second is for
solar panel holes, they are labeled in the
tree according.

Figure 12: Bulkhead Hole Features in Design Tree

An expanded view of the Bulkhead hole
folder can be seen in Figure 12. The two-

Figure 13: Rail Design Tree

hole wizard features correspond to size
and location of the first hole on each face. Both holes are then linearly patterned down the length
of the rail. The solar panel hole features are made the same way, apart from a pair of holes that
are patterned instead of just one on each face. It is likely that the solar panel holes will need to
be changed depending on the solar panels chosen and its configuration, The separation between
the paired holes and the separation between each instance of the array can be altered easily. It
is recommended to make a copy of the part and practice making hole changes before altering
the part inside your assembly. The bulkhead holes are arrayed every half-U. This is meant for
offsetting the bulkheads if there is not enough space. If the extra holes are unnecessary and need
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to be removed, the best way to do so is by editing the linear pattern feature. When in the feature,
click on the drop-down option boxed in red seen in Figure 14. It is called Instances to Skip. Once
this is selected, holes that are not desired can be selected and will no longer appear on the part.
This process can also be reverse by editing in the same way and deselecting the holes.

Points to Select

Figure 14: Editing the rail Hole Pattern

End Caps
End caps are the structural pieces located at both +Y and -Y faces. They have extruded
squares in the corners of the part that line up flush to the rail face. These squares are referred to
as tabs and are used as loading points for where the deployer will hold the satellite in place. Tabs
are also used to ensure the satellite’s safety and are used to push the satellite out during
deployment. Two types of end caps were designed to allow for configurability. End Cap A is
designed with small tabs to allow for mounting of antennas shown in Figure 16 and 1U solar
panels shown in Figure 15. It is recommended to have at least one of these end caps because
most antennas are designed to fit on the satellite face with tabs.
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One drawback to this design is the need for deployment switches. These are mechanical
switches used to initiate startup of the CubeSat once it leaves the deployer. It does this by
physically contacting the deployer while stowed, inhibiting an electrical connection. Once the
satellite leaves the deployer, these switches are no longer in physical contact with the deployer,
thus activating the switch. The physical contact of these switches can be either on the tab face
or the rail face of the satellite. The rail contacting region is identified by black strips along the
rail’s length. An additional requirement is that a CubeSat is required to have 3 deployment
switches as specified by NanoRacks on their 1x6U Deployer IDD [12],

Figure 15: End Cap A with and without 1U solar panel
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ISISpace Antenna

Gomspace Antenna

NanoAvionics
Antenna

Figure 16: End Cap A with three different COTS antennas attached

Due to the small tab size, End Cap A cannot accommodate the integration of
deployment switches on the tab faces without a high level of machining complexity. That leaves
the only option of mounting deployment switches on the rail faces. Figures 17 and 18 show the
interior of the rail end where an additional pocket must be machined. The pocket is meant to
allow the switch to line up with the deployer contact zone. A slot is also machined so that the
lever/roller from the switch can reach through the rail and contact the deployer as intended.
Figure 19 shows the distinction between a lever/roller type switch versus a plunger type switch.
The level type switches are required for use on the rails while the plunger type switches are
used on the tabs.
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Machined Pocket

Figure 17: Additional Machining Required for Rail Mounted Deployment Switches

Rail without
Machined pocket

Figure 18: Rail without Deployment Switch Machining

Figure 19: Left Image: Plunger Type Switch Source: Ref. [15] / Right Image: Lever Type Switch Source: Ref. [19]
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The baseline design was sized for the Subminiature Snap Switches, Single Pole, DB Series
Switches from ZF Switches [19] due to size, operation temperature range, and vacuum
survivability. For other COTS switches, the lever/roller type must be considered and might require
modification so that it will contact the deployer according to NanoRacks IDD Requirements.
Other switches can be used and may require alteration to the rail machining. A corner bracket is
used to mount the switch to the structure. The switch has through holes, so ideally a screw would
go through the switch and thread into the back of the wall pocket. However, the wall pocket is
too thin and alternative mounting is used, Figures 20 and 21 have several views of the alternative
mounting. A corner bracket with threaded holes is attached to the satellite rail perpendicular to
the pocket and then pinches the switch against the pocket. Screws can then be threaded into the
corner bracket from the inside of the structure, then into the through holes of the switch. This
will simply pin the switch in place preventing it from sliding against the face of the packet. The
exterior of the satellite rail is untouched using this mounting method and therefore can be
utilized for solar panels to sit flat onto the outer rail surface.

Figure 20: Rail Mounted Deployment Switch with Bracket attached to the Structure
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Figure 21: Top View of Structure with Rail Mounted Deployment Switches Installed

Making Changes to Parts: Adding or Removing the Rail-Mounted Switch Features:
If rail-mounted switches are used, additional rail features may need to be added or
removed in the SolidWorks Model. The features that are used for rail switches can be found in
parts: Rail 1, Rail 2, and Rail 3. The part design tree for these rails can be seen below in Figure 22.

Figure 22: Rail Switch Features and Design Tree

The features related to the rail switch have been grouped into a folder. To remove
them, simple delete the folder or right clicking the feature and select the suppress icon. If the
suppress option is used, the features can easily be brought back by right clicking that feature
and selecting the unsuppress icon, but if the folder is deleted the features cannot be brought
back. Once these features have been suppressed, the assembly will show missing mates that
correspond to those features. Those mates have been arranged into a folder called Rail

26

Deployment Switch Mates. The same steps as before should be taken, either delete the folder
or suppress it by right clicking and then selecting the suppress icon.
End Cap B is the alternative to rail mounted deployment switches. Using large tabs, a
plunger type switch can be used directly inside of the tab. The machining required for these
switches is much simpler, the plunger type switch has a threaded body so the only machining
required is a threaded hole in the tab. The drawback to this End Cap is that no antenna or solar
panel can be mounted onto this face. The tabs take up too much room. Figure 23 provides some
context to why the switches are offset so close to the center of the end cap face. It is to allow for
clearance of the switch with the bulkhead behind the switch. A specific switch has been specified
for use, the GN-PT5M3B from the Precision Limit Switches category, from the company
Automation Direct [15]. Again, other switches can be used, and it is recommended to ensure
these switches or other switches selected will fit the design criteria of the mission.
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Figure 23: Deployment Switches along with End Cap A. Lower 2 images show cut views of the end cap from inside the satellite.

It is recommended to use End Cap A at one end and End Cap B at the other. This way an
antenna can be mounted to End Cap A and the deployment switches can be mounted to End
Cap B. The other option is to use two of End Cap A and rail mount the deployment switches.
This would give more surface area for tab face mounting components at the cost of more
difficult machining. It is not recommended to use two of End Cap B because there will likely be
no place for an antenna.
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Custom Bracket Templates
The custom bracket templates are designed to be altered for unusual hardware that will
be seen on a satellite. Unusual hardware could represent any possible mounting configuration,
so a blank slate is meant to be used as a template, which the satellite designers can then modify.
The only features designed into these templates are structure mounting points, the rest is free
for modification. Custom Bracket Template A in Figure 24 is designed to sit on the interior rails
on any of the possible four faces. Custom Bracket Template B in Figure 25 is designed to be
perpendicular to the length of the satellite and is mounted to the structure similarly to the
bulkhead assembly. Between these two bracket templates, mounting normal to the +X,-X,+Y,Y,+Z,-Z planes are possible. The custom bracketing is designed to fit within 1U. If the unusual
hardware exceeds 1U in size, the satellite team will need to design a custom bracket accordingly.

Figure 24: Custom Bracket A separate and integrated into structure. Highlighted in orange.

Figure 25: Custom Bracket B separate and integrated into structure. Highlighted in orange.
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In addition to custom brackets, blank sheets have been designed to fit on the outside of
the satellite either in replacement of solar panels or underneath solar panels. These can be seen
in Figure 26. It is unlikely that these parts will be needed, but can be used to help resist shearing
loads, improve thermal management, and provide external custom mounting options. The sheets
come in 1U, 2U and 3U sizes and are named accordingly as Sheet 1U, Sheet 2U, Sheet 3U.

Figure 26: 1U,2U,3U Sheets Respectfully
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Warning: If the custom hardware exceeds 1U and the size of the hardware requires the removal
of bulkheads, the designed mounting must support the structure rails in the absence of the
bulkheads

Thermal Straps
Three thermal strap designs were created for dissipation of heat from a component on
the satellite to the surrounding structure. These designs are subject to change. It is
recommended to utilize custom built thermal straps from professional companies because inhouse thermal straps will likely allow for insufficient heat transfer. The main purpose of these
designs is to show possible configurations and geometry that can be used for ordering of custom
thermal straps.
Analysis of these thermal straps have been conducted and can be seen in the simulation
section. It is recommended to use the results of these simulations and modify the design
according to heat transfer requirements of the specific satellite being designed. Figures 27, 28
and 29 show the designs for Thermal Straps A, B-1 and B-2 respectively.

Heat Sinks

Structure
Attaching Block

Flexible heat
conduit
Figure 27: Thermal Strap A separate and integrated into structure
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Structure
Attaching Block

Flexible heat
conduit

Heat Sinks

Figure 28: Thermal Strap B-1 separate and integrated into structure

Heat Sinks

Flexible heat
conduit

Structure
Attaching Block

Figure 29: Thermal Strap B-2 separate and integrated into structure
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For all 3 thermal straps, the large center block is the heat sink that will be attached to
the internal component. The blocks ends are what will attach to the surrounding structure. The
conduit attaching the blocks together is a flexible thermal conductor such as a copper braded
cord. The important thing to keep in mind with the conduit is the cross-sectional area and the
length between blocks. These will be the most effective way to change the system’s heat
transfer. Contact surface area on the block faces with either the structure or the component
will also be important.

Assembly Procedure
The assembly procedure will cover the fundamental structure. In addition, the PCB stack
will also be walked through for assembly. It is important to consider assembly while designing
the internal layout of the satellite. For this structure, mounting most of the components on just
two of the long internal faces of the structure would be ideal for ease of assembly. Then, the
structure can be almost entirely assembled without one of the rails attached.

Fundamental Assembly:
Step 1:
Begin with two rails laid flat on a surface.

Figure 30: Fundamental Assembly Procedure Step 1
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Step 2:
Now place the first bulkhead in its correct position at one end of the rails and lightly fasten the
bulkhead down using the screws exposed on the sides of the rails. Every bulkhead will have a
total of 8 screws designated for rail attachment, with two screws per rail. Be sure not to tighten
down the screws entirely. Bulkhead A is used for every section of the satellite. Bulkhead B, C
and D are all used for PCB stack assembly and will be covered in the following assembly
procedure titled PCB Stack.

Figure 31: Fundamental Assembly Procedure Step 2

Step 3:
Repeat this process for the remainder of the bulkheads.

Figure 32: Fundamental Assembly Procedure Step 3
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Step 4:
Now that all the bulkheads are in place, flip the assembly over and screw down the bulkheads
from the underneath. Be careful flipping the assembly over and refrain from allowing too much
weight onto the rails. The best way to do this would be to roll the structure over and not lift it.
There should now be two screws in each corner of each bulkhead. Now that all the screws are
in place for the bulkheads, fully tighten down each screw and try to avoid any misalignment
from overtightening. Refrain from fully tightening down the left and right most screws until the
step 8.

Figure 33: Fundamental Assembly Procedure Step 4

Step 5:
Gently flip the assembly back over and begin to integrate all the internal components and
brackets into the assembly. This step is specific to each satellite and therefore will not be
covered in this general assembly procedure.

Figure 34: Fundamental Assembly Procedure Step 5
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Step 6:
Attach the 3rd rail using the same method of tightening as before. With the third rail attached,
complete assembly, and wiring connections for as many of the internal components as possible.
Once the 4th rail is attached, it may be too difficult to reach some areas of the CubeSat.

Figure 35: Fundamental Assembly Procedure Step 6

Step 7:
Attach the fourth rail. Again, begin with lightly tightening each screw and then fully tighten
down the top rails all at the very end. Avoid tightening down the left and right most bulkheads
until the following step.

Figure 36: Fundamental Assembly Procedure Step 7
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Step 8:
Attach the end caps. The end caps use the same hole positions as the bulkheads. Both End Cap
A and End Cap B fit inside the four rails. Pay attention to the end cap alignment with the rails,
make sure there is no bulging or bending of the rails once the end caps are lightly screwed
down. Work around all four rails, evenly tightening down the end caps and the adjacent
bulkheads to the desired torque specification. Again, check the alignment of the end caps once
fully tightened to ensure that the satellite still falls inside the designed tolerance range.

Figure 37: Fundamental Assembly Procedure Step 8

Step 9:
For any further assembly, a mechanical ground station should be used to support and elevate
the structure by the black bar section of the rails only. Again, the black section of the rail is
specified for deployer interaction only. The rest of the external surface can be used for solar
panels or other external hardware. Once the satellite is safely elevated and supported, the
external component can be mounted.
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PCB Stack:
Step 1:
The PCB stack is assembled from the inside out starting with the bottom most PCB. Using 4 sets
of a female to female and a female to male standoff, sandwich the PCB in all four corners by
threading the one standoff into the other. It should look like the following image.

Figure 38: PCB Stack Assembly Procedure Step 1

Step 2:
Now take a set of 4 more female to male standoffs and attach the next PCB in the same way as
the last.

Figure 39: PCB Stack Assembly Procedure Step 2
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Step 3:
This process can be repeated until all of the PCBs have been attached to one another.

Figure 40: PCB Stack Assembly Procedure Step 3

Step 4:
Now it is time to introduce Bulkhead B and C. Slide the PCB stack between the bulkheads as
shown below.

Figure 41: PCB Stack Assembly Procedure Step 4
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Step 5:
The stack can be secured into the bulkheads using screws that thread directly into the standoffs
through the counter-bored holes in the bulkheads.

Figure 42: PCB Stack Assembly Procedure Step 5

Step 6:
The PCB stack is now ready to be mounted into the structure. To do so, return to the previous
assembly procedure and simply repeat the same steps regarding bulkhead mounting but instead
of using bulkhead A at every junction, replace two of Bulkhead A parts with this assembly. All the
mounting will be the same procedure, whether using two Bulkhead A parts or a PCB stack
assembly with bulkhead B and C.
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Double PCB Stack Assembly:
Step 1:
The next set of assembly procedure steps will cover the assembly of multiple PCB stacks side by
side with one another. Starting with 2 PCBs, sandwich both PCB in between standoffs.

Figure 43: Double PCB Stack Assembly Procedure Step 1

Step 2:
Build up each PCB stack by threading male to female standoffs into one another and placing PCBs
between the standoffs.

Figure 44: Double PCB Stack Assembly Procedure Step 2
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Step 3:
Once the PCBs are fully stacked, bulkheads B, C and D can be attached. Bulkheads B and C are
used at the two ends while Bulkhead D is used to connect the stacks together. First slide the
brackets into place so that the standoffs rest on the part, then thread screws though the
counterbore holes into the standoffs. Tighten all the screws on top then flip over and tighten all
the screws on the bottom. There should be 16 screws in total.

Figure 45: Double PCB Stack Assembly Procedure Step 3, ISO view

Figure 46: Double PCB Stack Assembly Procedure Step 3, Top View

Up to 6 PCB stacks can fit in the structure. Adding another stack is done simply by adding another
bulkhead D and following the same order of step but with an extra stack. Assembly into the full
structure will be the same as with one stack. The mounting holes on the bulkheads remain the
same no matter how many stacks there are.
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Structure Loading and Heat Transfer Simulation
Simulation Overview
Structural and heat loading will vary depending on launch vehicle, deployer, and orbital
parameters. It is the satellite’s team’s responsibility to ensure that all simulation results align
with the requirements of their mission. The structure is designed to conform to the
requirements from the deployer company, NanoRacks. NanoRacks requires the testing of G-force
and the random vibration [12].
Heat Transfer simulations are not required by referencing the NanoRacks IDD[12] but
have been included to give a preliminary understanding of the structures capabilities as well as
the designed thermal strap capabilities to dissipate heat throughout the structure. The thermal
simulations include sheets of silicon on the faces of the satellite to replicate solar panel.
Aluminum 6061 is used for the entire structure. The structure must be a closed body to simulate
radiation more accurately into space. The sheets represent solar panels or any other kind of
paneling that the satellite might use to protect the sensitive internal components from direct
solar radiation.

Meshing:
All simulations use similar meshing. SolidWorks can form a Curvature-based mesh which
is useful for meshing curved features. This type of mesh is necessary to prevent errors while
meshing over the many holes on the structure. A mid to fine mesh is used for accuracy and to
prevent errors while meshing small features. Figures 47 – 49 are images of the structure meshed
as a whole and some close-up images of smaller features.
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Figure 47: Simulation Meshing Close-up

Figure 48: Simulation Meshing Top View

Figure 49: Simulation Meshing ISO View

Assumptions:
Many assumptions were made while conducting these simulations because highly
detailed and accurate simulations are outside the scope of this topic. It is necessary for a team
using this structure to run more detailed simulations with their specific structure modifications
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and implemented components. Also, it is typical to run simulations along all three Cartesian
axes, but in this case the x and the z axes were considered to be the same due to structural
similarities in those directions.
The structure is assumed to have perfect contact between parts with no screws of any
kind. This means structurally, everything is assumed to be one piece and there are no added
thermal resistances between parts. The fixturing for the structural simulations is designed to
replicate how the deployer will hold the satellite during launch. Fixturing images can be
referenced in Figure 50 and 51. Along the length of the satellite rails and against the tabs are
roller supports. In the corners of the rails are black bars, which represent the area where the
deployer will be contacting the satellite so that is where the roller supports have been
attached. No fixed supports were used because this would introduce unrealistic tension and
compression forces during structure deformation.

Figure 50: Simulation Fixturing Top View

Figure 51: Simulation Fixturing Right View
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The thermal simulations are all steady state. This means that time is not a factor, and
the purpose is to see the temperature distribution. Large temperature difference from the
maximum temperature to the minimum temperature means the structure is not spreading heat
efficiently. Furthermore, if the difference is small, the satellite is distributing the heat well. The
largest surfaces on all six faces of the satellite are specified to radiate into space. An image
below shows these surfaces chosen.

Figure 52: Radiation Surfaces for Simulation

The radiating surfaces have been chosen to have an emissivity of 0.8. This variable relates
to how much heat is absorbed, completely reflected being 0 and completely absorbed being 1.
The assumption of 0.8 is reasonable assuming the surfaces are solar panels. The sheets have also
been assigned the material of silicon, which will most closely represent the properties of a solar
panel. The environment’s temperature has been specified to be 20°C. The range of temperature
seen in Low-Earth Orbit is wide, 20°C was chosen as a representation test case in that range.
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Thermal Simulations
Structure Heat Transfer X and Z Axis
Setup:
A heat flux load was applied to one side of the satellite to evaluate heat dissipation. A heat flux
of 1,373 W/m^2 was chosen because it is a typical intensity of solar flux that is seen in LEO.

Figure 53: Heat Transfer X&Z Axis Setup

Results:
ΔT: 11.72°C

Figure 54: Heat Transfer X&Z Axis Results
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Structure Heat Transfer Y Axis
Setup:
The same heat flux of 1,373 W/m^2 was chosen but applied to the end face.

Figure 55: Heat Transfer Y Axis Setup

Results:
ΔT: 23.46°C
The results of this ΔT in the Y Axis and the ΔT in the X/Z axis point to a drawback in the
1x6U CubeSat configuration. The 1x6U has a difficult time distributing heat in the direction of
the Y-Axis.

Figure 56: Heat Transfer Y Axis Results
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Heat Dissipation – Thermal Strap A
Setup:
A heat load of 5W was applied to the heat sink
part of the thermal strap to simulate a heat
producing component. The thermal strap is
copper in this case, but many other materials
can be used

Figure 57: Heat Dissipation of Thermal Strap A Setup

Results:
ΔT: 10.3°C

Figure 58: Heat Dissipation of Thermal Strap A Results, ISO Clip
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Figure 59: Heat Dissipation of Thermal Strap A Results, Full Structure

Heat Dissipation – Thermal Strap B-1
Setup:
The same 5W heat load is used on copper thermal strap.

Figure 60: Heat Dissipation of Thermal Strap B-1 Setup
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Results:
ΔT: 11.1°C

Figure 61: Heat Dissipation of Thermal Strap B-1 Results, Iso Clip

Figure 62: Heat Dissipation of Thermal Strap B-1 Results, Iso Clip
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Heat Dissipation – Thermal Strap B-2
Setup:
The same 5W heat load is used on copper thermal strap.

Figure 63: Heat Dissipation of Thermal Strap B-2 Setup
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Results:
ΔT: 8.53°C

Figure 64: Heat Dissipation of Thermal Strap B-2 Results, Iso Clip

Figure 65: Heat Dissipation of Thermal Strap B-2 Results, Full Structure
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Structural Simulations
G-force X and Z Axis
Setup:
G-force simulation is used to replicate forces seen during satellite launch. A gravitational load is
applied to the structure with the magnitude of 15x the Earth’s gravitational acceleration. This is
the same gravitational load as if an object were to accelerate at 147.15m/s^2 in the direction of
the red arrow seen in Figure 66.

Figure 66: G-Force X&Z Simulation Setup

Results:
Maximum Displacement: 0.000207mm
Maximum Stress: 0.55MPa, FOS = 499

Figure 67: G-Force X&Z Simulation Results
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G-force Y Axis
Setup:
The same 15x gravitational force is applied this time along the y-axis, shown in Figure 65 as the
red arrow.

Figure 68: G-Force Y Simulation Setup

Results:
Maximum Displacement: 0.000741mm
Maximum Stress: 4.472MPa, FOS = 61.5
The results of the G-force simulation show that the structure is strong enough to survive
launch conditions. Any structural change will require rerunning of the G-force simulation.

Figure 69: G-Force Y Simulation Results
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Random Vibration X and Z Axis
Setup:
Random vibration analysis is another simulation used to replicate satellite launch conditions.
NanoRacks provides two profiles, a soft stowed and a hard stowed both of which can be seen in
the graph below. The hard-mount test profile was used for simplicity. The damping coefficient
was assumed to be 2% or 0.02. SolidWorks has a specific simulation designed just for random
vibrations. The fixturing is the same as the previous G-force simulations, but a different loading
condition is used as well as a damping variable. The external load selected is a Uniform Base
Excitation which refers to an oscillating load that is distributed evenly over the entire structure
body. The loading can be specified using a testing profile which includes frequencies of oscillation
and amplitudes. This is another launch vehicle and deployer specification.

Figure 70: Random Vibration X&Z Simulation Setup
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Figure 71: Random Vibration Profiles from taken NanoRacks IDD, Graph

Figure 72: Random Vibration Profiles from taken NanoRacks IDD, Table [12]
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Results:
Maximum Displacement: 0.0000759mm
Maximum Stress: 1.416MPa

Figure 73: Random Vibration X&Z Simulation Results

Random Vibration Y-Axis
Setup:
The same hard-mounted profile from the previous simulation is used but now in the direction of
the arrow shown below.

Figure 74: Random Vibration Y Simulation Setup
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Results:
Maximum Displacement: 0.000644mm
Maximum Stress: 8.462MPa
The results show that there is no structural issue regarding random vibration loading
while testing with the hard mount profile with the fundamental structure. Results will vary with
a different test profile and any changes to the structure will require rerunning of the random
vibration simulation.

Figure 75: Random Vibration Y Simulation Results
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Conclusion
A structure has been designed in a 1x6U configuration. Machinability, assembly,
component integration, thermal management have all been considered in the structure. The
design includes the base structure along with a variety of additional parts used for component
integration. Fit checks have been conducted on select COTS components to ensure ease of
integration. The design has been tested using simulation and results show survival of launch
vehicle environment loading.
The goal of this structure design is to act as a resource for future missions looking to use
a 1x6U CubeSat configuration. The structure has been provided for download in the appendix. It
is recommended to use this structure model as a starting point. Alterations and additions on to
the design are expected as the mission matures. The 3D model has been made to make
navigation and alterations to the structure as easy as possible.
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Appendix
Downloading the Structure
The structure can be found using this link:
Fundamental Structure: https://grabcad.com/library/1x6u-cubesat-fundamental-structure-1
Full Structure: https://grabcad.com/library/1x6u-cubesat-structure-1
Make sure to download the structure and unzip the folder before trying to open any
part. The main assemblies that can be used to open the structure are, 1_1x6U Structure
Assembly.SLDASM and 1_Fundimental Assembly.SLDASM. The Fundamental Assembly is the
barebones version of the structure, all simulations were done using this assembly. The 1x6U
Structure Assembly is the structure with all included possible modifications organized inside the
structure at random. The assemblies all the way down to the features and sketches have been
organized for ease of navigation. Some have even been organized for ease of modification, but
those section have been identified with a heading titled Making Changes to Parts. All the
standoffs and screws have been taken from McMaster-Carr. The parts from here are named by
their part number and can be found on McMaster-Carr simply by searching that part number on
the website: https://www.mcmaster.com/. Purchasing information for COTS component, within
the assembly, can be found by searching the name of the part in Google. Links have also been
provided in the references section.
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